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Land Use and Transportation 
Policies for a Sustainable Future 
with Autonomous Vehicles
Liming Wang, Portland State University
In Collaboration with  
Yao-Jan Wu (U of Arizona)
Outline
● Why care about AV (which is always 
five years away anyway)?
● Effects in the Literature
● Review of Methodologies
● Results of Scenarios with System 
Dynamics Method
● Conclusions and Future Work
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Five Levels of Automation
Credit: Blickfeld GmbH (https://www.blickfeld.com/blog/5-automation-levels/) 3
Adoption Timeline
4Credit: The Guardian, 09/13/2015 (https://www.theguardian.com/technology/2015/sep/13/self-driving-cars-bmw-google-2020-driving)
The Guardian prediction published on September 13th, 2015
5Source: Litman, T., 2020
Travel Cost 
Comparison
Effects on Value of Time (Assumed)
6Source: Singleton, P., 2018
Value of 
Time




Kok, et al. 2017; McKinsey 2016 reduce crash rates and insurance costs by 90% 
Sivak and Schoettle (2015 crash rates similar to an average driver; may be worse 
in traffic mixed with human drivers
Kesting, A., Treiber, M. and Helbing, D., 2010 1% more ACC vehicles will lead to an increase of the 
capacities by about 0.3%.
Shladover, S.E., Su, D. and Lu, X.Y., 2012 Lane capacity increases approximately linearly from 
2,000 to 4,000 as the proportion of CACC vehicles 
increases from zero to 100%
Martin-Gasulla, M., Sukennik, P., Lohmiller, J., 2019. Roadway throughput increased by 44% with 100% 
penetration rate
Mattas, K., Makridis, M., Alonso Raposo, M., Fiori, C., 
Fontaras, G., Thiel, C., Toledo, T., Ciuffo, B., 2018. 
Lane capacity increasing from 2200 veh/hr per lane to a 







A 5% market penetration would lead to 4.5% 
percent reduction in public parking; one SAV 
can emancipate 20 public parking lots
Kong, Levine and Liu, 2018 40-50% gain in parking spatial efficiency
Medina-Tapia, M., Robusté, 
F., 2018. 
parking cost decreased by 28.8%
Nourinejad, M., Bahrami, S., 
Roorda, M.J., 2018. 
decrease the need for parking space by an 
average of 62% and a maximum of 87%.
Zhang, W., Guhathakurta, S., 
Fang, J., Zhang, G., 2015. 
SAV could reduce parking demand up to 90% 
for SAV users
Reviews of Long-term Effects
• Transport Review: Long-term implications of 
automated vehicles, 2019, 39 (1).
• Soteropoulos, A., Berger, M., Ciari, F., 2019. 
Impacts of automated vehicles on travel 
behaviour and land use: an international review 
of modelling studies. 
• Litman, T., 2020. Autonomous Vehicle 
Implementation Predictions: Implications for 
Transport Planning. Victoria Transport Policy 
Institute.
9
The Effects: For Good or For Bad
AV could increase VMT by increasing roadway 
capacity, lowering costs of travel, and 
encouraging long-distance travel; on the other, 
they may reduce VMT by enabling more car- and 
ride-sharing, improving access to transit, 
eliminating the fixed costs of car ownership, and 
reclaiming parking space. 
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11Source: Lavasani, M., Jin, X., & Du, Y. (2016). 
Possible Adoption Timeline
Possible Adoption Timeline
12Source: Nieuwenhuijsen, et al, 2018. 
Challenges in Planning for 
AV
Despite huge uncertainties, AV can well be a likely reality within most 
MPOs' long-range regional transportation plan horizon of twenty years. 
Since urban and transportation planning is purported to focus on 
projecting and planning for the future, the profession should start to 
prepare for the emerging AV technology. 
MPOs throughout the US are ill prepared for taking account of AV and 
thinking about policy and planning responses in their long-range 
planning process. A recent survey of largest MPOs in the US indicates 
only one of them "even mentions driverless, automated, or 
autonomous vehicles in its most recent RTP" (Guerra, 2016, page 211)
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“Wait and see”
Amid these uncertainties, however, a “wait and 
see” approach with AVs can come with serious 
consequences, as transportation and land use 
policies may tip the balance, but it may be too 
late to impose them when AV usage achieves a 




Methods (Hörl, Ciari and 
Axhausen, 2016) 
A narrative approach “based on previous 
experiences, expert opinions and reasoning”;
Analyzing historical data for the adoption 
process, e.g, Lavasani et al. (2016); 
Collecting and analyzing questionnaires 
and surveys of potential AV users, planners 
and domain experts, for example, Guerra 
(2016) and 
Using simulations to quantify the effects of 
AVs, e.g. Fagnant and Kockelman's (2018)
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• Aim for Visioning and Strategic Planning
• Simplified micro-simulation model for 
strategic planning with parameters 
estimated from observed data
• Extensible modular packages
• Atlanta Regional Commission Application 
assessing the effects of AV
• (Currently) simplified land use module that 
doesn’t fully incorporate potentially effects 
from travel (e.g. AV) 20
Fuzzy Cognitive Map
Captures and models the 
behavior of qualitative 
system dynamics
21Source: Gregor, Wang, and Bettinardi (2016)
Agent-based Model and 
System Dynamics
22
Source: Nieuwenhuijsen, et al, 2018
Agent-based Model vs 
System Dynamics
• Borshchev and Filippov (2004) argues that ABM is the most suitable 
method to use when not much is known about the macroscopic 
behavior of the system, and when more information is available 
about the individual behavior of agents. 
• However for simulating the effects of AVs, the opposite seems to be 
the case: little knowledge is available about the detailed behavior of 
individuals. More knowledge seems to be available about possible 
aggregate phenomena that could occur and the overall structure of 
the system, or at least some assumptions can be taken by observing 
similar systems. SD seems to be most suitable to capture the 




Source: Sterman, 2000 25
Baseline
26Source: Gruel and Stanford, 2016
Scenarios
• Baseline – no AV
• Scenario 1: With AV, no behavioral change 
(ownership, travel behavior), improves 
roadway capacity & safety, benefits people 
currently unable to drive
• Scenario 2: Privately owned AV, with 
behavioral change, including relocation
• Scenario 3: Shared AV
27
Results
• Lower monetary costs and value of time of 
travel leads to increase in VMT in all 
scenarios
• Region increases in size (sprawling) in 
scenario 2 and 3, when households taking 
advantage of lower travel cost and longer 
acceptable travel time
• The benefits of increased capacity & safety 
from AV adoption decrease due to induced 
travel demand 28
Implications
• Pricing strategy: incentivize shared rides, 
disincentivize zero and single passenger 
trips
• Land use policies (e.g. UGB) has potential to 
help contain region from sprawling
• Design policies to encourage coordination of 
SAV and transit
• Path dependency means early policy 
adoption is more likely to succeed
• Uncertainties abounded 29
Ongoing and Future Work
• Couple SD with Exploratory Modeling and 
Analysis (EMA) to fully explore the 
parameter spaces. EMA is a research 
methodology that uses computational 
experiments to analyze complex and 
uncertain systems (Bankes, 1993)
• Path dependency due to AV adoption 
trajectory
30
Ongoing and Future Work
● Run more scenarios
● Disaggregate travelers by income/geography 
to investigate the distributional effect of 
benefits and burden
● Downstream effects on emission and energy 
consumption
● Provide the models and code as an open 
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